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I. INTRODUCTION 

A lot of attention has been paid to the problem of describing the transition form factor 
of neutral pion. To get new information about the wave function of the neutral pion 
IsJ, namely, the distribution of the neutral pion light-cone momentum fractions between 
light u and d quarks, is the motivation for numerous theoretical approaches to describe the 
transition form factor. Experimental information about the form factor is obtained in the 
process e~^e~ — )■ e'^e'iTQ (Fig. [1]). The kinematics, when one photon is almost real and the 
other is highly virtual with space-like momentum transfer squared Q^, 

|gil~o«-g2 = g', (1) 

n n 

was measured by several experimental Collaborations: CELLO [4|], CLEO [5| at low and 
intermediate and more recently by BaBar [6] and Belle [3] at higher Q^. 




Fig. 1. Neutral pion production in the e'^e" scattering. 

The BaBar Collaboration fitted their experimental results for the form factor multiplied 
by as an increasing function of momentum transfer squared (Fig. [5]) 



Q'Ft, m = A (. 



10 GeV' 



(2) 



with 

^BaBar = 0.182 GeV, /^BaBar = 0-251, XBaBar/[l5] = 1.04, (3) 
ABaBar+ = 0.182 GeV, /3B,Bar+ = 0-252, xLBar+/[35] = 0.87, (4) 

where in square brackets we point out the number of degrees of freedom. In the first line 
only BaBar data are taken into account, while in the second line the full set from BaBar, 
CLEO and CELLO data are taken into account. 
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The Belle Collaboration considered two parametrizations providing very similar goodness 
of the fit. One is the same as ([2]) (Fig. [6]) and the another corresponds to constant asymptotic 
behavior 

{Q') = T^- (5) 



c_ ■ 

n2 



The corresponding parameters are 

/iBeiie = 0.169 GeV, /^Beiie = 0.18, xLuc/ [13] = 0.429, 
ABeiie+ = 0.172 GeV, /3Beiie+ = 0.221, xLiie+/[33] = 0.637, 

SBelle = 0.209 GeV, CBeUe = 2.2 GeV^ XBelle/[13] = 0.435, 
SBelle+ = 0.186 GeV, CBelle+ = 0.948 GeV^, XBelle+/[33] = 0.733. 



(6) 
(7) 
(8) 
(9) 



"actor obtained by CELLO, CLEO, BaBar 



14| with aim to extract the pion distri- 



The data on the pion-photon transition form 
and Belle collaborations attract a lot attention 8 
bution amplitude, a nonperturbative quantity important in description of hard exclusive 
hadronic processes. 

The growing behavior of the form factor ([2]) is in clear contradiction with the prediction 
of the approach based on the factorization theorem applied to this process (see j8| and 



references therein). On the other hand, this behavior might indicate a 



enhanced asymptotic behavior of the form factor, as has been argued in 15l-ll9|. 



In 



oga rithmically 



151 ] ■ the neutral pion transition form factor was considered in the model with momen- 



tum independent light quark mass and quark-pion vertex. In this model, the leading order 
contribution to the form factor is given by the triangle diagram of Fig. [2J Its asymptotic 



behavior for the kinematics ([T]) is double logarithmic one [15|, |18|, In^ (Q^/M^), where Mg 
is the quark mass serving as an infrared cutoff parameter. In order to fit the BaBar data 
one needs to tune the value of the mass parameter around Mg ^ 135 MeV (see below). In 
19l-l21| , this model has been generalized considering momentum dependent quark mass and 
quark-pion vertex. In 18|], the neutral pion transition form factor has been considered in 
the leading - double-logarithmic approximation in the scattering and annihilation channels. 

In the present work, we are going to modify this model considering the lowest order gluon 
radiative corrections. We shall use the well known expression for the virtual photon-quark 
vertex (the so-called Sudakov form factor [22]) which enters the triangle Feynman diagram, 
describing the conversion of two photons to the neutral pseudoscalar meson. The motivation 
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of this and other similar studies is, first, to describe existing data in full interval of Q^, and, 
second, to understand if there are any inconsistency between BaBar and Belle data at large 
> 10 GeV\ 

In Section HI] both channels of pseudoscalar mesons production in electron-proton e~p — )■ 
e~pTTo and electron-positron e~^e~ — )■ 7roe"^e~ collisions are considered. The second process 
could be the subject of future experimental investigation. In Sections llllt HVl and |V] we 
discuss the leading order, next-to-leading order, and Sudakov exponentiation calculations 
to the amplitude for the pion-photon transition. In Section I VI I we compare our model 
calculations with existing experimental data. 

II. SCATTERING CHANNEL 

The matrix element for the neutral pion production in the high energy electron-proton 
scattering (replacing the e"*" line in Fig. [T] by a proton p line) 

e~{pi)+p{p2) e'{p[)+p{p2) + TToiPn), 

can be written as 

^ep^ep^o = E(^^N^j^(^q^),^^^^p>^q^^<^^ (10) 

Q2Q1 Jn 

for the kinematics of almost forward electron scattering 

k?l = I iPi-p[f I « Q' = -ql = - iP2~p'2f ~ s = ip,+P2r. (11) 

In fnU]) . = 92.2 MeV is the pion decay constant, A^e = / s)u{p[)p2u{pi) and FiQ"^) is 
the pion transition form factor. 

In lowest order the form factor is given by the triangle quark loop integral (Fig. [2]) 

7 ^,r2(P-M2)((fc + gi)'-M2)((A;-g2)2-M2)' ^ ^ 

Fo(0) = -2^ / -ln(l-x(l-x)^), Fo(0)-=-^°l, (13) 


where is the pion mass, Mq is the light quark mass parameter and Jv{q) is the current 
corresponding to the proton vertex 



Ju{q) = u{p2) 



2Mp {F,{q') - FUq')) 4^/- ^2 (^2+^2). + Fm{q'h, 



uiP2), (14) 
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Fig. 2. Lowest order QCD amplitude - the triangle vertex for 77* — )• ttq process. 



where Mp is the proton mass, and Em are the Sachs electric and magnetic form factors 
of the proton. 

Differential cross section for the process ep — )■ epvro has the form 
a' \F{Q')\\ 

s 2E[ 2E'^ 2E^ 

with 



.5f2 (n^n2^2-^(Q ^.^^^^ {Pl + P2 - Pi ~ P2 ' P.) 



(15) 



HQ') 



1 



(Fe - + E^ {P2 + V'2)v(j>2 + P2)vi + ^m^v^i 



4Mi 



(z/,pi,g,gi)(z/i,pi,g,gi), 
(16) 



where {i^,Pi, q, qi) = ^^"^^ Viaqisqi-y- In the limit of large ~ s one has 



(Fe(g2)-i^^(Q2))' + F^(g^ 



(17) 



4M2 



In f|T5l) we use the normalization of the matrix element for the subprocess 7*7 — )■ 7r° in 
accordance with the current algebra for the case of two real photons (g| = = 0) 25 1 



corresponding to the width 



pTTO— ^27 



2 S 



647r3/2 



7.1 KeV. 



(18) 



(19) 



For the e^e — j- iiQe^e collisions, 

e(pf ) + e(p2) e{pf') + eip'^) + vro(p^), 
one should put Ee{Q^) = E^^Q"^) = 1 in the above expressions for $. 
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III. BORN APPROXIMATION 



Let us now consider the amplitude 7*7 — )• 7r° in the context of the constituent quark 
model with momentum independent quark mass Mq 23| . Within this model, the pion form 



factor is given by the quark-loop (triangle) diagram (Fig. [2]). The result 
in the considered asymmetric kinematics {qf = 0, g| = —Q"^) is given by 



'or the form factor 



24| 



1 



4arcsinMi|- 



(20) 



with /3 



1 + and the normalization is Fq (Q = 0) = 1. 



In 15| this leading order (LO) expression was used to explain growing-type form factor 
as it was measured by the BaBar collaboration {g]. The quark mass was used as the only 
fitting parameter with the result (see below Table [T]) 



135 MeV. 



The expansion of the log term in the form factor (l20l) at large » leads to 



2arcsin2 



1 



-L +2 arcsin 



2M. 



O 



Ml 



(21) 



(22) 



where the large logarithm is 



In 



01 



Numerically, (Q^) and Fq (Q^) become indistinguishable at > 1 GeV^. 

In the following, we would like to understand the role of radiative QCD corrections to 
the term in the form factor which are more important at large than neglected in 
fl22p power corrections. To this end, we first reproduce the leading asymptotic term in 
fl22|) by using two different techniques which become useful when considering the radiative 
corrections in the leading logarithmic approximation. 

One of these methods consists in joining the denominators of the integrand in f|T2|) by 
using Feynman parameters and performing the loop momentum integration. In case of 
qf ^ one obtains 



FoiQ 




Ml 



2Ml 



x{\ — x) 



dx , ^ 
— In — 

M'l - mlxix^i + Q'^X2X:i + ml J x i - 





X] 



(23) 





Fig. 3. Next-to-leading QCD radiative corrections to the triangle amplitude for 77* — > ttq process. 



An alternative calculation is based on the use of the Sudakov parametrization of the loop 
momentum 

k = aqi + /Jp^r + A;_L, 

with gij^TT being the light- like four- vectors constructed from the external momenta, k±qi = 
k±Pn = 0. By using the known relations 



d'^k = —dad(3d^k_L, k^ 



-k' 



k^ - Ml + iO = Q^aP -P - Ml + iO, {k + - M^ 



-Q2/3(i -a)-P~M^ 



{k - q)' - Ml = -Q'a{l - P) - P - Mj, 

and performing the integration in k"^ by the relation 

dk^ 



(24) 



Q^alS - F - Ml + iO 



-znQ - Ml) , 



we obtain 



2Ml 



da 



a 



d(3 _Ml 



Here, we also take into account both possibilities of positive and negative values of the 
Sudakov parameters a, /3. Below, we shall use both the Feynman and Sudakov approaches. 



IV. LOWEST ORDER QCD RADIATIVE CORRECTIONS 



The lowest order QCD corrections include three vertex subgraphs and three quark self- 
energy subgraphs (Fig. [3]). Kinematics of the main contributions of the Feynman triangle 
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Pl . K .p. 





Fig. 4. Lowest order QCD radiative correction to the subgraphs with vertices and mass operators. 



amplitude correspond to the " almost on-mass-shell" quark connecting the " almost on- mass- 
shell" photon and the emission of a real pion, while the two other quark lines are essentially 
off-mass- shell. Thus, one of the vertex function associated with the off-mass-shell external 
photon underlies the Sudakov conditions: both quarks are off-mass-shell. The two other 
vertices describe the situation when the photon and one of quarks are almost on-mass- 
shell, while the other quark is off- mass-shell. This configuration corresponds to the so-called 
Landau case 26|. The contribution from the triangle amplitude with a mass operator 



insertion to the "almost real" quark line does not contain logarithmically enhanced terms. 

Consider first the vertex subgraph with external highly virtual photon with momentum 
q2- The corresponding vertex function has the form (see Fig. H^) 



ttsCp 

Air 



N„ 



ITT' 



\2 ((p^_^)2_M2)((p^_^)2_M2)' 



Q^ = 2p,p2» \pII\pI\»MI 



(25) 



(26) 



Here, Cp = 4/3 is a Casimir invariant of the SU(3) color group. 

The logarithmically enhanced contributions arise from two kinematically different regions 
of virtual gluon momentum squared corresponding to small and large values of 
Using the Sudakov parametrization 

K = aiP2 + f3ip[ + lt±, = Q'^ai(3i — it'^, d'^n = n—daidf^idlf^, 



with p'i,P2 light-like 4- vectors built from pi,p2, we write iV^, in the limit (J26ll . as 
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with 

For the first term in the square brackets of A^^ we obtain (small region): 



4vr Jo "1 + " ^ Pi + P 

[In aln/3 + ln(a/3)] J^, (27) 



277 

where the factor 2 is due to the two regions of negative and positive values of the Sudakov 
parameters. In the derivation of ( |27l) . we used the relations = |a|, IpI/Q^I = l/^li 

with a, (3 being the Sudakov variables associated with the loop momentum of the quark 
loop. 

The contribution from the region with large | | comes from the second term in the square 
brackets of A*"^, 

Here, we have to introduce the ultraviolet cut-off parameter A, such as < A^. The usual 
procedure of joining the denominators and performing the integration leads to 

1 



where px = xpi + {l — x)p2. Note, that we systematically omit the logarithmically suppressed 
terms. After regularization, the cut-off parameter must be replaced by the quark mass. 



The total answer for is 



y^(gV,/3) = -^^ L«ln/3 + ln(«/3) + ^Ll J^. 

Ztc \_ /J 



(29) 



The contribution of other Feynman amplitudes (Fig. IDd,c) does not contain logarithmic 
enhancement. We will illustrate this statement in the frame of QED 0, [23|. Let us consider 
the contribution of two remaining diagrams with one vertex function (Fig. HJo) and mass 
operator insertion (Fig. Hb) 

V,,, = -A7ra,CMP2hAp2 - q2 + M,)T, + , ~ ,, 1 M^) , (30) 

1^ [P2 ^ Q2 ~ ^Vlq) 

t = {P2- q2f - M^, p2-q2 = qi- k. 
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Using the explicit expressions for the vertex and mass operator M{p) given in the Ap- 
pendix, we obtain 

2a'^i r 1 1 



v., 



where 



A, 



2(t + 1) 
t 



1 - 



t 



-U 



t + l 
-t 



q q 

We see, that the relevant contribution is suppressed by small factor 1/t. Other terms do 
not contribute to the amplitude. Similar statement is valid for two remaining diagrams (see 
Fig. |3]b,e). 

Collecting all logarithmically enhanced contributions, we finally obtain 

1 

[ n, r„ 1 (02 \-| 

(31) 



da 



d(3 


1 - 










{\ 


L- 











1 

In a In /3 + \w{afi) ^ i^^^ 



a 

Ml/Q^ M|/(Q2a) 

2 27r 12 ^ 

Thus, the form factor at large f l22|) . modified by next-to- leading (NLO) radiative QCD 
corrections, becomes 

,2 



1 



mz 



<5^2arcsin2 ^ ^ I 2 



2Mo 



UsCf 1 

2tx 12' 



-L - 1 + 2 arcsin 



2M„ 



■ (32) 



V. HIGHER ORDER QCD GENERALIZATION 



In order to estimate the effect of the higher orders of QCD perturbation theory we apply to 
the next-to-leading logarithmic approximation (1311) the Sudakov exponentiation hypothesis 
with the result 

1 1 



dp 



^ exp < a. — 
13 ^1 27r 



da 
a 



— In a In /3 — ln(a/3) — -L 



^ - T 



(33) 
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where p = ^Cp- For the form factor the resummation effects leads to the generahzation of 
(I32D as 



VI. THE RESULTS AND DISCUSSION 



There are two parameters within the parametrization of the pion transition form factor 
suggested by the quark model with radiative corrections. They are the quark mass Mg and 
the strong coupling constant a^. We try to fit the experimental data for the form factor by 
varying these parameters. The results of the fit are presented in Tables Hl lIIII and Figs. [MSI 

In fitting procedure we use the parametrizations ([2]) and (|5]) as reference parametrizations. 
From corresponding goodness of fit ([3]), (jl]) and ([6]), (0) one concludes, first, that xlaBar > 
xleiie ^^d, second, that the data set extended by experimental points of CELLO and CLEO 
XBaBar > XBaBar+ and xLue < xLiie+- The first fact is duc to systematically lower error bars 
for the BaBar point set than for the Belle. The second property we interpret as indication 
on better consistency of the BaBar data with previous data at lower than for the Belle 
datcEI. 

First of all, let us use our model to fit the BaBar and Belle data, considering the quark 
mass as a free parameter and the strong coupling to be fixed at = 0.35, which corre- 
sponds to a renormalization scale of about 1 GeV. The results are given in Table I. For the 
leading order (LO) fit we use expression ( !22l) . for the next-to- leading order (NLO) fit we use 
expression (|32l) . and the Sudakov resummed expression (Exp) is ( l34l) . In order to compare 
goodness of fit based on data used from different collaborations we introduce the relative 
parameter 

t = xVxl (35) 

with a is for BaBar or Belle based data set. In (1351) . is for our model and for the power-like 
fits Xa is from ([3]), (jll) and (E]), ([7]), correspondingly. 



At this point we disagree with conclusions made in 



28| 
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BaBar 


Belle 






xvm 










LO 


0.135 


1.697 


1.629 


0.126 


0.696 


1.611 


NLO 


0.149 


1.185 


1.137 


0.142 


0.434 


1.005 


Exp 


0.147 


1.196 


1.148 


0.140 


0.478 


1.106 



Table I. One-parameter fit of the BaBar and Belle data. In square brackets, there is pointed out 
the number of degrees of freedom. 

From Table [T] one finds that the goodness of the fit becomes better when going from the 
LO fit to the NLO fit, and almost does not change after Sudakov resummation. This justifies 
our model with radiative corrections. At the same time, the parameter Mq becomes higher. 





BaBar-|- 


Belle+ 




M, 


xvm 


X^ 


M, 


xvm 


x' 


LO 


0.136 


2.377 


2.732 


0.133 


2.891 


4.538 


NLO 


0.150 


1.487 


1.709 


0.147 


1.684 


2.644 


Exp 


0.148 


1.587 


1.824 


0.145 


1.878 


2.948 



Table II. One-parameter fit of the BaBar and Belle data including also the data from CELLO and 
CLEO collaborations. In square brackets, there is pointed out the number of degrees of freedom. 

In Table im we made a fit of the BaBar and Belle data including also the set of points from 
CELLO and CLEO collaborations. We see that, qualitatively, for our model the situation 
does not change too much and the value of Mq is practically the same for both cases. The 
later fact is rather important. It means that the fit procedure is basically related to the 
data points at intermediate in the region from 5 to 10 GeV^ where the data are more 
precise and consistent for all collaborations. At the same time, the region of higher Q"^ 
(15-40 GeV^) is less important for the fit. The form factor Fj^-^^*{Q'^) in accordance with 
different parameterizations given in Table Hi] is drawn in Figs. |5] and El In these figures we 
also present a power-like fits to the BaBar and Belle data (E]) and ([6]), correspondingly. 

In Table HTTl we made a two-parametric fit to the BaBar and Belle data. We see that such 
a two-parametric fit has equal or even lower with respect to corresponding numbers in 
Table m However, the price for that is a growing of the parameter a^, especially for the case 
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BaBar 


Belle 






Us 


xvm 






as 






NLO 


0.149 


0.349 


1.264 


1.215 


0.149 


0.505 


0.428 


0.998 


Exp 


0.152 


0.513 


1.187 


1.196 


0.159 


0.963 


0.422 


0.984 



Table III. Two-parameter fit of the BaBar and Belle data. In square brackets, there is pointed out 
the number of degrees of freedom. 




Fig. 5. The fit of our model for the cases of the LO approximation (Eqs. ()22p - doted line), the 
NLO approximation (Eq. ( I32p - dash line), the resummation approximation ((|34p - solid line) 
for the tt" form factor and its comparison with the experimental data of CELLO [4] (open boxes), 
CLEO [5] (open triangles) and BaBar [6] (filed boxes) Collaborations. The dash-dot line shows the 
fit of the data by BaBar collaboration. 



of Belle data. We consider such parametrization as not very physical. 
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0,30- 




0,00 -f" 1 1 1 1 1 1 1 1- 

10 20 30 40 

Q'(GeV') 



Fig. 6. The fit of our model for the cases of the LO approximation (Eqs. ()22p - doted line), the 
NLO approximation (Eq. ([32]) - dash line), the resummation approximation f (j34p - solid line) 
for the vr*^ form factor and its comparison with the experimental data of CELLO 141 (open boxes), 

R Q 

CLEO [5] (open triangles) and Belle [T"] (filed circles) Collaborations. The dash-dot line shows the 
fit of the data by Belle collaboration. 

VII. CONCLUSIONS 

In the present work we calculated the transition form factor of the neutral pion where 
one photon is virtual and another photon is real in the framework of the model where the 
light constituent quark mass and the quark-pion coupling are momentum independent^. We 



generalize the previous leading order results 15|, |l8| obtained by considering the triangle 



diagram by including the radiative gluonic corrections to the first order in perturbation 
theory|2|. The effect of higher order radiative corrections to the virtual photon vertex is 
estimated by applying the Sudakov exponentiation hypothesis. The results obtained are 



compared with existing experimental 



^ Similar model was considered in 



29-31 



data on the pion transition form factor published by 
in view of calculations of hadronic corrections to the muon 



anomalous magnetic moment. 
^ The problem of radiative corrections to the pion transition form factor was considered sometime ago in 



32 



34| . within factorization approach with massless quarks. In this case the "large logarithms" \ogQ^/^^ 



contain the QCD scale parameter ji. 
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CELLO, CLEO, BaBar and Belle collaborations. 

In general the model considered contains two parameters: the quark mass Mg and the 
strong coupling constant a^. 

First, we fit the data at fixed varying only Mg. Taking into account the radiative 
corrections increases a little the fitting parameter up to Mg ^ 150 MeV and improves a 
goodness of the fit. Considering separate fit of BaBar and Belle data (Table [11) one gets 
very close and the difference in Mg is less than 10 MeV. Including also lower momen- 
tum data from CELLO and CLEO (Table [TTl) leads to inequality XBaBar+ < XBeiie+ 
almost coinciding Mg. To our opinion it means that fitting procedure is most sensitive 
to the intermediate momentum interval, where both set of data are in agreement. As for 
parametrizations discussed in Introduction, BaBar data turns out to be more in accordance 
with lower momentum data than the Belle data. Our model is more close to the tendency 
of the BaBar data. Resummation effects do not lead to significant changes in goodness of 
the fit comparing with the NLO results. 

Second, we try to fit data varying both model parameters (Table UTTl) . The fit of data 
becomes better, especially in the region of large Q^. However, has tendency to be close 
to unit. This fact is considered as not physically justified and thus not taken into account 
in our final results. 

Let us emphasize that at the moment there are two sets of experimental data (BaBar and 
Belle) on the pion-photon transition form factor at high Q^. They are fully consistent in 
the range of momentum transfer squared ~ [5 — 10] GeV^, but have different tendency 
at higher Q^. Conditionally, the BaBar data show "growing" behavior at large (see (El)), 
while the Belle data can be interpreted in twofold way as "quasi-growing-quasi-constant" 
(see ([2|) and ([5D). From experimental point of view, the data in the range ~ [15 — 40] 
GeV^ are consistent at the level of la standard deviation. However, from theoretical point 

nn 

of view there are big debates on this difference |8Nl9| . It is clear that only new high statistic 
experiments can resolve this problem. 

The emergence of "growing" data was so unexpected that, at first glance, it seemed that 
it is inipossible to explain such behavior from the field theoretical point of view. However, 
in 15l-ll9| there was noted that, if such "growing" behavior exists, then it may be related 
to unusual properties of the pion distribution amplitude in the vicinity of its edge points. 
This behavior was conditionally called as "fiat". In this case the inverse moment of the pion 
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distribution amplitude is not well defined. In particular, such behavior may be modeled if to 



15| (and later in some other works) it was 



assume that the pion is almost structureless. In 
shown that BaBar data can be described in the model with momentum independent quark 
mass and quark-pion coupling by using only one parameter: the constituent quark mass Mq 
if its value is taken as Mq ^ 135 MeV. This number was considered as a rather small from 
phenomenological point of view. One of the main motivation of the present work is to see 
how sensitive this parameter to gluonic radiative corrections, when fit the BaBar and Belle 
data. The result is that the mass parameter becomes a bit heavier Mq ^ 150 MeV and the 
quality of the fit becomes better. 
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20|, a more advanced model, with momentum dependent quark 



As it was shown in 

mass and quark-pion vertex, has the same qualitative features as the model considered in this 



work. In the model 
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20|, the soften quark propagator and quark-pion vertex lead to the 
single logarithmic asymptotic dependence on instead of the double logarithmic behavior, 
if the quark-pion vertex so that it corresponds to the "fiat" pion distribution amplitude. 
The pion distribution amplitude even can vanish at the end-points, but still simulate the 
logarithmic growth in rather wide range of momentum transfer including quite large values 
of it. When fit BaBar data, the mass parameter is still close to 135 MeV. The calculations 
given in the present paper can be extended by consideration not only momentum dependent 
nonperturbative quark propagator and quark-pion vertex, but also momentum dependent 
nonperturbative gluon propagator. 

Finally note that there are available data obtained by the BaBar collaboration for the 
rj, 7]' and t]^ transition form factors. The comparison of our model calculations with data 



for these mesons is given in 21[. From our point of view the data show tendency that with 
increase of the meson mass the form factor changes its behavior from the "growing" regime 
to the " constant" regime. In the framework of our model this change of behavior is related 
to strong dependence of the shape of the meson distribution amplitude on the meson mass. 
With growing meson mass the meson distribution amplitude changes its shape from the 



"flat" one to the " 5- function" shape for heavy mesons 21 1. 



The study of present work shows that inclusion of the QCD corrections are essential in 
interpretation of experimental data on the pion transition form factor. 
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Appendix A: Appendix 

The exphcit expressions for the vertex function in the Landau kinematics and the mass 



operator are 



26 



27| 



(y. k 

[ak^ + bMg-f^ + c-^qi + dqi-f^], (Al) 



Mip) = + fWg^P + - Mg)\ (A2) 

with t = t/M^, t = {p2~qf - Ml = {p^-qif - M^, k = ln(-?) and the coefficients are 
1 ^^-€±l,^ ,._l_,nA_i«,4±^, (A3) 



2(t + l) y t + l J Mg 2t A{t + l)l 

t2 2t(t + l) 2t(t + l)2 2(t + l) 

X 1 A o, ^ ^+2 ?-4t'-4,\ 

f = ^ 1 + 2 In \ ^ \ ^ It , 

t\ Mg 2{t + 1) 2(t + 1)2 y 

i? = — - Li2(t + 1). 

Note, that the Active photon mass A, introduced here, disappears from the final answer. 
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